A 35-year-old man with immunoglobulin A (IgA) nephropathy who developed hemolytic uremic syndrome (HUS) presented with transient elevation of serum creatinine, thrombocytopenia, and hemolytic anemia with fragmented red cells with nephrotic syndrome. Hemolytic anemia and the temporarily deteriorated renal function were improved after hemodialysis and plasma exchange. Histological findings were consistent with HUSand IgA nephropathy. Including this case, we reviewed the cases of HUSaccompanied by glomerular diseases reported from 1969 to 1996. Surprisingly, most cases showed nephrotic syndrome at the onset of HUS. Several possible relationships between HUSand nephrotic syndrome are discussed. (Internal Medicine 38: 495-499, 1999) 
Introduction
Most of the cases of hemolytic uremic syndrome (HUS) occur as a primary disorder in infants and young children. Classical HUSusually begins with gastrointestinal symptoms, followed by microangiopathic hemolytic anemia, thrombocytopenia and acute renal damage. Onthe other hand, secondary HUS is rare and is generally limited to adults. It is almost always associated with various conditions such as pregnancy (1) , collagen disease (2) , severe hypertension (3), cancer (4) , or the use of certain drugs (5, 6) . But among those conditions, HUS associated with glomerular disease has rarely been reported and the relation between glomerular disease and HUShas been unknown. Here, we describe an adult patient with immunoglobulin A (IgA) nephropathy who developed features of HUS and review the cases of HUSwith glomerular disease in the past 27 years.
Case Report
A 35-year-old man with a history of proteinuria and microhematuria since the age of 18 was admitted to another hospital because of fever and petechiae on the extremities. He also was noted to have anemia, thrombocytopenia and renal failure. Two days later, he was transferred to our hospital.
He was pale at the time of admission, had numerous petechiae on his extremities and had pretibial edema. His temperature was 38.2°C and his blood pressure was 140/76 mmHg. There was no abnormal neurological finding. The laboratory data on admission are shown in Table 1 . The urine contained 3+ blood and 3+ protein. Microscopy showed red blood cell too numerous to count, and urinary protein excretion was 8.0 g/day. The blood hemoglobin level was 7.0 g/dl, hematocrit 19. 1 %, white blood cell 5,000/mm3 and platelets 4.5 x lOVmm3. Red cell morphology showed significant numbers of fragments consistent with hemolysis ( Fig. 1) . The serum lactate dehydrogenase level was elevated at 2,340 IU// and the serum haptoglobin was low at 10 mg/dl. The blood urea nitrogen and creatinine concentrations were 88 and 9.6 mg/dl, respectively. Other laboratory examinations yielded the following values: total protein 3.3 g/dl, albumin 1.6 g/dl, sodium 135 mEq//, potassium 5.0 mEql//, chloride 9 1 mEq// and fibrin degradation products 15.6 |Hg/mL A presumptive diagnosis of HUSwas made, and he was treated 7 times with hemodialysis and 2 times with plasma exchange. After the second plasma exchange, the platelet count was up to 19 x 104/mm3, the hematocrit reading was 38%, and the peripheral smear showed a decreased number of schistocytes. Not only the thrombocytopenia and hemolytic Figure 1 . Red cell morphology shows many fragments consistent with hemolysis. anemia improved rapidly, but renal function improved over the subsequent twoweeksandthe creatinine concentrationwas downto 2.0 mg/dl. The patient's general condition was also remarkably improved. A percutaneous renal biopsy was performed on the 56th hospital day. Light microscopy ( Figs. 2, 3) showed that the glomerular capillary walls were widened to a variable extent and the glomerular basement membranehad a partial double contour. Electron micrograph (Fig. 4) showed that the subendothelial space of the glomerular basement membranewas expanded and occupied by electron-lucent fluffy materials and that foot processes were extensively fused. These findings seemed consistent with the histological finding of HUS. In addition, the glomeruli showed a moderate proliferation of mesangial cells and matrix and some showed global sclerotic changes. There were no epithelial crescents, and basement membranes werenot thickened. Immunofluorescence was predominantly positive for IgA in the matrix (Fig. 5) , but negative for fibrin in the capillary and mesangial area. These histological findings are characteristic of IgAnephropathy.
HUS with IgA Nephropathy 
Discussion
The combination of renal failure, anemia of the probable microangiopathic hemolytic type and thrombocytopenia without another origin leaves no doubt that this patient had developed the hemolytic uremic syndrome. Moreover, we confirmed that the patient had IgA nephropathy because he had often exhibited microhematuria and proteinuria in medical examinations and the pathological findings showed mesangial proliferation and deposition of IgA.
Henoch-Schonlein purpura nephritis might be proposed for the disease related to IgA nephropathy as the morphologic and immunopathologicfeatures are similar in the two conditions, however in the clinical course the present case had a history of proteinuria for 17 years without the characteristic purpura, moreover we could not notice the purpura except for the limited period with thrombocytopenia, so we could exclude the diagnosis of Henoch-Schonlein purpura. HUSoccurs in childhood, and although its specific cause Internal Medicine Vol. 38, No. 6 (June 1999) has not been elucidated, it is known to be associated with numerous infectious agents such as verotoxin-producing E. coli (7), shigellosis (8) , and campylobacter (9), or with immunological events. On the other hand, secondary HUSwhich occurs in adults is generally associated with the various conditions described above (1-6). There are several reports on an association between HUSand glomerular disease. But it is not well recognized whether this represents a mere coincidence or a possible link between the two diseases. Wehave recently reviewed 16 cases of glomerulonephritisrelated HUSwhich have been reported from 1969 to 1996 (10-22) ( Table 2 ). Of the 17 cases (including the present case), 13 developed in childhood and 4 in adults. HUScomplicated with acute glomerulonephritis was reported in 4 cases, and the remainder were complicated with chronic glomerular disease. The pathological findings of chronic glomerular disease showed 4 cases of focal segmental glomerulosclerosis, 2 of membranoproliferative glomerulonephritis, 3 of IgA nephropathy, and 3 of membranous glomerulonephropathy. Nephrotic syndrome was complicated in high rate of 13/17 glomerular nephritis cases, and in a particularly high rate in chronic glomerular nephritis ( 12/1 3). Despite the wide spectrum of glomerular diseases associated with HUSdescribed above, almost all the cases, especially in chronic glomerular nephritis, shared one feature, the nephrotic state at the onset of HUS.In the literature to date, there appears to be no report whichdiscusses the relationship between HUSand nephrotic syndrome. However, from several previous studies, some possible commonfeatures could be suggested.
Somereports discuss the relationship of free radical-mediated injury to HUSor nephrotic syndrome. Excessive generation of free radical leads to saturation of the scavenger systems and lipid peroxidation of plasma membrane. Oxidant injury of cell membranelipids leads to the damage of endothelium and red cells. In HUS,a reduced level of vitamin E, which is one of the extra-cellular free radical scavengers, was reported (23) , and further, vitamin E deficiency in neonates was reported to be associated with a HU-like syndrome (24) . On the other hand, in the animal model of nephrotic syndrome, the effect of antioxidant was reported. The rat with nephrotic syndrome induced by puromycinaminonucleoside, which is an experimental model of humanminimal change disease, when fed a vitamin E-deficient diet, showed higher proteinuria, hypoprotainemia, renal dysfunction and ultrastructural alteration, and those symptoms were ameliorated by dietary supplementation (25) . Moreover, the rats injected with adriamycin, a model of progressive glomerulosclerosis associated with the nephrotic syndrome, treated with d-alpha-tocopherol, showed a significantly lower level of the serum total cholesterol, low density lipoprotein (LDL) cholesterol, the atherogenic index, and they also showed reduced urinary protein, serum creatinine, blood urea nitrogen and glomerulosclerosis score (26) . Thus it is likely in some cases that the free radicals possibly associated with nephrotic syndrome might render the endothelium susceptible to mechanical injury and induce HUS. A disturbed coagulation system was also reported in nephrotic syndrome and HUS.Although the nephrotic syndrome has not been recognized as predisposing to thrombotic microangiopathy, its relation to thrombosis in large vessels is well known (27) . Moreover, the nephrotic syndrome is generally associated with increased levels of procoagulation protein factors, the concentrations of the anticoagulation protein and fibrinolytic precursor are usually decreased, and platelets dem- HUSwith IgA Nephropathy onstrate hyperaggregability (27) . These might provide some favorable circumstances for thrombus formation in intra renal vessels or arterioles subsequent to the endothelial injury which is a commonfeature of the HUS.
Moreover, in advanced IgA nephropathy as in the present case, the capillary walls might be displaced by the expansion of proliferating glomerular matrix and cells, and thickened by subendothelial edemaand the enlarged basement membrane. Then IgA deposit may cause damage to the wall of glomerular capillaries. Finally, endothelial cell injury might initiate HUS, with local intravascular coagulation, which leads to fragmentation of erythrocytes passing through the affected capillaries.
Although it is a rare complication, it will be wise to bear the possibility of HUSin mind in cases of unexpected renal failure in glomerular diseases, especially in nephrotic patients.
